Oxygen status of malignant tumors: pathogenesis of hypoxia and significance for tumor therapy.
Hypoxic areas are a characteristic property of solid tumors. Hypoxia results from an imbalance between the supply and consumption of oxygen. Major pathogenetic mechanisms for the emergence of hypoxia are (1) structural and functional abnormalities in the tumor microvasculature; (2) an increase in diffusion distances; and (3) tumor- or therapy-associated anemia leading to a reduced O2 transport capacity of the blood. There is pronounced intertumor variability in the extent of hypoxia, which is independent of clinical size, stage, histopathologic type, and grade. Local recurrences have a higher hypoxic fraction than primary tumors. Tumor hypoxia is intensified in anemic patients, especially in tumors with low perfusion rates. Tumor hypoxia is a therapeutic problem, as it makes solid tumors resistant to sparsely ionizing radiation and some forms of chemotherapy. Hypoxia also may modulate the proliferation and cell cycle position of tumor cells and, in turn, the amount of cells destroyed following therapy. Recent clinical studies suggest that hypoxia can enhance malignant progression and increase aggressiveness through clonal selection and genome changes. As a result, loss of differentiation and apoptosis, chaotic angiogenesis, increased locoregional spread, and enhanced metastasis can further increase resistance to therapy and affect long-term prognosis. Hypoxia is a powerful, independent prognostic factor in cervix cancers, carcinomas of the head and neck, and in soft-tissue sarcomas.